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Abstract

The purpose of the present study was to compare the effects of contingent and noncontingent cocaine administration on plasma levels
of corticosterone in rats. Male rats were trained to self-administer cocaine under a fixed-ratio 5 schedule. The rats were yoked such that

Ž . Ž .the delivery of cocaine 0.25 mgrkgrinfusion to one rat contingent cocaine produced the simultaneous noncontingent delivery of the
Ž . Ž .same dose of cocaine noncontingent cocaine or saline noncontingent saline to other rats. Although saline administration had no effect,

plasma corticosterone levels were significantly higher in rat receiving contingent cocaine compared to those receiving noncontingent
cocaine. These results demonstrate that the active vs. passive administration of cocaine can differentially affect this neuroendocrine
response. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cocaine can affect neuroendocrine function in a number
Žof species Borowsky and Kuhn, 1991; Mendelson et al.,

.1992; Sarnyai et al., 1995 . Studies have shown that the
acute administration of cocaine stimulates the hypotha-
lamo–pituitary–adrenal axis, producing rapid and short-
lived increases in plasma levels of adrenocorticotrophic

Ž . Žhormone ACTH and corticosterone in rats Borowsky
.and Kuhn, 1991 . Although cocaine does not have direct

Žeffects at the level of either the pituitary Rivier and Vale,
. Ž .1987 or the adrenal Krueger et al., 1991 gland, it does

stimulate the secretion of corticotropin-releasing factor
Ž . Ž .CRF from hypothalamic explants Calogero et al., 1989 .
Moreover, increases in plasma corticosterone levels have
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been observed in rats after the acute intracerebroventricu-
Žlar or intrahypothalamic injection of cocaine Saphier et

.al., 1993 . These data suggest that the effects of cocaine on
the hypothalamo–pituitary–adrenal axis are centrally me-
diated in rats.

Although it is clear that cocaine stimulates the hypotha-
lamo–pituitary–adrenal axis, the importance of the contin-
gencies of drug delivery has not been established. Studies
examining other functional endpoints have demonstrated
that there are differences between the effects of active and
passive administration of cocaine. For example, it has been
shown that mortality is higher in rats receiving cocaine
noncontingently compared to rats self-administering co-

Ž .caine Dworkin et al., 1995b . Moreover, there are differ-
Žences in neurotransmitter levels Wilson et al., 1994;

.Hemby et al., 1997 and neurotransmitter turnover rates
Ž .during withdrawal Dworkin et al., 1995a between rats

receiving cocaine contingently vs. noncontingently. The
purpose of the present study was to test the hypothesis that

Ž . Žthe active response contingent vs. passive response non-
.contingent administration of cocaine differentially affects

the hypothalamo–pituitary–adrenal axis.
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2. Material and methods

Twenty-seven male Sprague–Dawley derived rats
Ž .250–300 g, Charles River, Wilmington, MA were housed
individually in stainless steel cages and maintained under a

Ž .12r12 h lightrdark cycle lights on 07:00–19:00 h . All
rats were initially trained to respond for food pellets.
Access to food was restricted in order to maintain the rats
at 85–90% of their free-feeding weight. Every day, begin-
ning 3 days after arrival, the rats were placed into venti-
lated, sound attenuating operant chambers that were
equipped with stimulus lights and response levers. Ini-
tially, the rats were trained to respond under a continuous
reinforcement schedule of food presentation. When lever
pressing under the continuous reinforcement schedule be-

Ž .came reliable, a fixed ratio FR reinforcement schedule
was initiated. The FR response requirement was increased
by one response per session until a terminal response

Ž .requirement of 5 FR 5 was achieved.
After the completion of food training, a chronic in-

dwelling i.v. jugular catheter was implanted for drug ad-
ministration and blood sampling as described previously
Ž .Emmett-Oglesby et al., 1993 . The rats were anesthetized

Ž .with a cocktail of chlordiazepoxide 10.68 mgrkg , ke-
Ž . Ž .tamine 53.28 mgrkg and nalbuphine 1.32 mgrkg ad-

Žministered i.p. An indwelling silastic catheter 0.015 inch
. Žo.d. connected to a 22-gauge guide cannula Plastic One,

.Roanoke, VA was inserted into the jugular vein. The
cannula was tunneled subcutaneously to the back of the
head, exteriorized, and fixed to the skull with jewelers

Žscrews and Cranial Plast Cement Plastics One, Roanoke,
.VA . The cannula and catheter was filled with heparinized

Ž .saline 20 unitsrml and sealed with a dummy cannula.
Immediately after surgery and twice daily thereafter, the

Žcannula was flushed with sterile heparinized saline 20
. Ž .unitsrml , streptokinase 1700 unitsrml and ticarcillan

Ž .14 mgrml .
The rats were randomly assigned to treatment groups.

ŽRats that self-administered cocaine hydrochloride contin-
.gent cocaine; 0.25 mgrkgrinfusion were yoked to sepa-

rate groups of rats that received a non-contingent infusion
Ž .of either the same dose of cocaine noncontingent cocaine

Ž .or saline noncontingent saline . The noncontingent co-
caine rats had never received contingent cocaine. In the
rats receiving contingent cocaine, 5 responses on the active
lever resulted in the delivery of cocaine or saline solution
followed by a 30 s timeout. The infusion duration was 4–5
s, corresponding to the delivery of 80–100 ml. The ses-
sions ended after 20 infusions or 60 min, whichever oc-

Ž .curred first. Blood samples 200 ml were withdrawn 1
min before and immediately after each experimental ses-
sion using the same jugular catheter through which cocaine
or saline was administered. The blood was collected into
iced heparinized minivials, centrifuged for 3 min at 15,000
rpm, and aliquots of plasma were frozen at y708C. Plasma
corticosterone levels were detected by radioimmunoassay

using corticosterone antiserum as previously described
Ž .Pechnick and Poland, 1994 . The limit of sensitivity for
the assay was 2.0 ngrml, and the maximum inter- and
intra-assay coefficients of variation for the corticosterone
assay were 14% and 10%, respectively. All samples were
analyzed in duplicate. Although plasma corticosterone
samples were collected across several sessions in some
rats, data from individual subjects did not show any sys-
tematic changes over time.

Differences across the treatment groups before and after
the sessions first were assessed by two-way, repeated

Ž .measures analysis of variance ANOVA . One-way
ANOVA followed by Scheffe’s tests were used to compare
each treatment before and after the session, and paired t
tests were used to compare before and after session values
within each treatment group. Data from all subjects within
a group were averaged and presented as means"S.E.M.
The criterion for the rejection of the null hypothesis was
P-0.05.

3. Results

When cocaine was available, rats received 19"0.5
infusions per session. Repeated measures ANOVA showed

w Ž . xsignificant treatment F 2,91 s4.2, Ps0.018 and time
w Ž . x Ž .F 1,91 s31.7, Ps0.0001 effects Fig. 1 . Before the
experimental sessions, plasma corticosterone levels were

w Ž .not significantly different among the three groups F 2,91
xs0.6, Ps0.5698 , but there were significant post-session

w Ž . xdifferences F 2,91 s5.7, P-0.0045 . Noncontingent
saline administration had no effect on plasma cortico-
sterone levels. Noncontingent cocaine administration pro-
duced a slight, though statistically significant increase in

Žplasma corticosterone compared to baseline levels 88.6
.ngrml vs. 117.1 ngrml . Contingent cocaine produced a

Žmuch greater increase in plasma corticosterone 97.3 vs.

Fig. 1. Plasma corticosterone concentration measured immediately before
and after the experimental session among three different groups: contin-

Ž . Žgent cocaine 0.25 mgrkgrinfusion, i.v. ; noncontingent cocaine 0.25
. fmgrkgrinfusion, i.v. and noncontingent saline. P -0.05 compared to

pre-session value; U P -0.05 compared to noncontingent and saline-
treated subjects; Ns20–44rgroup.
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.170.6 ngrml , and plasma corticosterone levels were sig-
nificantly higher in rats receiving contingent cocaine com-
pared to those receiving noncontingent cocaine.

4. Discussion

Intravenous drug self-administration is a behavioral pro-
cedure that has been used mainly to measure the reinforc-
ing effects of drugs; however, the present study utilized
this methodology to study the effects of contingent and
noncontingent cocaine administration on plasma levels of
corticosterone in rats. Both contingent and noncontingent

Ž .administration of cocaine 0.25 mgrkgrinfusion signifi-
cantly increased plasma corticosterone from baseline lev-

Žels. The maximal number of infusions per session 19"
.0.5 at this dose resulted in the i.v. administration of

approximately 4.75 mgrkg over the experimental session.
This dose is lower than that required to increase plasma

Ž .corticosterone levels in the rat after i.p. noncontingent
Ž .administration Borowsky and Kuhn, 1991 . Although it is

not unexpected that there would be differences in drug
response after i.v. compared to i.p. drug administration due
to pharmacokinetic factors, part of the difference might be
due to the contingencies of drug administration. Support-
ing this hypothesis is the finding that plasma cortico-
sterone levels were significantly higher in rats receiving
contingent cocaine compared to those receiving the same
dose of cocaine in a noncontingent manner.

Cocaine can stimulate the hypothalamo–pituitary–
adrenal axis by acting directly at the level of the hypo-

Ž .thalamus Calogero et al., 1989; Saphier et al., 1993 . The
differences between contingent and noncontingent cocaine
administration found in the present study suggest that there
are other, less direct mechanisms involved in the response
of the hypothalamo–pituitary–adrenal axis after self-ad-
ministered drug. For example, increases in locomotor ac-
tivity associated with lever pressing, or general arousal
might contribute to the activation of the hypothalamo–
pituitary–adrenal axis. Differences in the responses to
contingent and noncontingent cocaine have been reported

Žby others Wilson et al., 1994; Dworkin et al., 1995a,b;
.Hemby et al., 1997 .

Although it is apparent that both contingent and non-
contingent cocaine administration can activate the hypotha-
lamo–pituitary–adrenal axis, the relationship between the
activation of the hypothalamo–pituitary–adrenal axis and
the reinforcing effects of cocaine has not been completely
elucidated. There are data indicating that corticosterone
plays an important role in cocaine self-administration.

Ž .Footshock Goeders and Guerin, 1994 and social stress
Ž .Haney et al., 1995 can stimulate the hypothalamo–pitui-
tary–adrenal axis and facilitate the acquisition of cocaine

Ž .self-administration. Moreover, Deroche et al. 1993 found
that exogenously administered corticosterone promotes the
reinstatement of cocaine self-administration. The increased

activation of the hypothalamo–pituitary–adrenal axis asso-
ciated with the contingent administration of cocaine might
contribute to the acquisition, maintenance and reinstate-
ment of self-administration behavior.

The dose that was used in this study was selected based
upon the results of a dose–response experiment showing
that it produced a maximum number of infusions per
session. As plasma corticosterone levels were sampled
only at one time point after the initiation of exposure to
drug, it is yet to be determined whether similar differences
would be obtained after other doses and at other time
points. Nevertheless, these results demonstrate that the

Ž . Žactive response contingent vs. passive response noncon-
.tingent administration of cocaine can differentially affect

the activation of the hypothalamo–pituitary–adrenal axis,
and suggest that this type of experimental design might
prove useful in delineating the relationship between the
activation of the hypothalamo–pituitary–adrenal axis and
the reinforcing effects of cocaine.
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